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Abstract 
Flood map nowadays is seen as an indispensable tool in urbanism, flood prevention and mitigation. For this reason, 
establishing flood map is mighty necessary for developing the socio economy of a river catchment.  In recent years, 
creating this kind of map based on hydraulic models has been applied and proved good efficiencies in mitigating the 
consequences of flood catastrophes to human at many regions on the world. However, because of the lack of 
observed data in large catchments as well as developing countries, applying this work for these regions becomes a 
huge challenge for hydrologists. The insufficiency of meteo hydrological data, coarse resolution of topography, land 
cover data …brings many difficulties to choose a suitable model or decide a reasonable model structure for flood 
modelling in these catchments. This study via the flood modelling process  at downstream of Vu Gia Thu Bon 
catchment, a coastal region in Viet Nam central will compare the differences between 1D model, 2D model, Quasi 
2D model and 1D/2D coupling model for flood simulation. The study also presents the uncertainties of input data 
such as topography, land use, rainfall, and boundary condition when modelling flood events. These simulations are 
carried out on the modules of Mike by DHI software: Mike 11, Mike 21, Mike Flood. The results might show strong 
and weak points of each model. These could help modelers to get several judgments when selecting the model to 
build the flood map. This study is expected to give some usefulnesses for flood modeling in the coastal part of a big 
catchment. 
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1. Introduction 
The climate change is predicted to occur more severely and with more complexity. Under the impact of the 
variation of weather factors, especially precipitation, extreme flood event is expected to increase not only in 
intensity but also in frequency. It is thought to have an influence on all aspects of human society in the next few 
years [1]. Hence, responding actively with these changes is an urgent requirement today. EXCIMAP [2] that a 
prerequisite for effective and efficient flood risk management, is the in-depth knowledge of the prevailing hazards 
and risks throughout a river basin and areas of coastal flood risk. This includes information about the types of floods 
(river, coastal, lake and groundwater), the probability of a particular flood event, the flood magnitude expressed as 
flood extent, water depth or flow velocity, and finally, the probable magnitude of damage (life, property, economic 
activity). This basic information about the flood event can be gained through flood modelling and exhibited via 
flood map. Therefore, flood map is an effective tool in responding proactively to flood disaster in the period of 
preparation and planning of disaster prevention as well as in the emergency response phase [3]. Constructing the 
flood map together with taking into account the impact of climate change are seen as useful and indispensable 
process to respond to this natural phenomenon. It might help the local authority to have scientific evidences to 
suggest suitable policies and measures to reduce the impact of climate change. 
As above mention, the flood hazard map is an essential document for assessing the impact of a flood event to 
society, flood risk mitigation, flood management as well. Due to its important, up to date, many mapping methods 
have been developed with different theories such as hydrologic, meteorological and geomorphologic approaches 
representing the hazard or risk of flood in scale of a catchment [4]. These methods are probably classified into four 
different types: Flood tracking, image processing, GIS topography combination and flood modeling. There are many 
pros and cons with each method.  Although first three methods have good advantages with workload, there is a 
common weak point which concerns about their flexibility and their accuracy. It means that their produces do not 
take into account the effect of hydrological and hydraulic factors. Hence, they could not provide information related 
to stream flow such as speed or flood direction. These restrictions cause difficulties while forecasting the future 
scenario as well as assessing scale variability of inundation area under the impact of climate change. Conversely, the 
last method is realized by using a model which operates based on a mathematical relation between input and output 
hydrological variables[3]. The link between input and output variables are represented via different kinds of 
mathematical function which are able to consider on different aspects due to the viewpoint of developers, such as 
space, time, mathematical structure... So flood mapping using the hydraulic model is expected to translate more 
accurately the happening of flood event including distribution due to time and space, as well as providing hydraulic 
information. Especially, this method allows simulating with different scenarios which help to forecast change 
tendency of flood map under the impact of catchment’s factor variations such as the construction, land use, or 
climate change. 
Within hydraulic model, they are divided into several types depending on their dimensionality, capabilities and 
assumption in modelling water movement [5], [6]. The cornerstone of these models is the fundamental governing 
equations of fluid dynamics—the continuity, momentum and energy equations [7]. This equation is in fact known as 
the Navier-Stokes equations, which can be applied to solve complex fluid flows in the form of three dimensional 
(3D) hydraulic model [8]. However, this model is still so complicated to use for real case at this moment, so Navier-
Stokes equations have been simplified  into the form of St Venant equations [9], generally known as shallow water 
equations [10] that have been applied to build one dimensional and two dimensional hydraulic models reliable at a 
simplified level. With each kind of model, they have different advantages and disadvantages. To construct flood 
mapping for a region, the model selection depends on many factors, not least on the actual condition of catchment. 
In order to choose the most suitable model for representing the flood event of Vu Gia Thu Bon catchment – a 
large catchment in central Vietnam, this study is realized by comparing the pros and cons of each kind of model: 1D 
model, Quasi 2D model, 2D model, 1D/2D coupling model. The result is also expected to supply a review for 
selecting model for flood simulation. 
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2. Methodology 
2.1. Hydraulic model 
This step aims to provide an overall view about which model type is suitable for flood mapping in Vu Gia Thu 
Bon catchment. The model selection for Vu Gia Thu Bon is based on many aspects. However, the first consideration 
is relied on the efficiency of each model with flood modelling process in Vu Gia Thu Bon. The models comparing 
here are the products of Danish Hydraulic Institute. They consist of 1D model and quasi 2D model with MIKE 11, 
2D model with MIKE 21HD, 1D/2D mode coupling with MIKE FLOOD. 
2.2. Study area 
The Vu Gia - Thu Bon river system (Figure 1), which originates from the eastern side of the Truong Son 
mountain range and drains to the Vietnamese East Sea near the cities of Da Nang and Hoi An. It is the biggest 
coastal river system in the central region of Viet Nam. This system has two main rivers, the Vu Gia and the Thu Bon. 
The topography over this region is complex with the relatively narrow mountainous area on the upstream and the 
flat coastal zone at the downstream. 
Figure 1. Vu Gia Thu Bon catchment in central Viet Nam, and hydro meteorological network. 
Located at a tropical monsoon climate region with influence of the ocean to the east, rain and storm in this region 
behaves complicatedly. The average annual rainfall of this area is from 2,000mm to 4,000 mm with 65% to 80% 
annual rainfall during the months from September to December. This region is usually suffered by two to four 
typhoons annually [11], [12]. Consequently, inundation related to typhoon is very serious. Due to the violence of 
climatological events, the fragile economic condition and the underdeveloped infrastructure, the natural disasters 
related to river flow deeply affect the socio-economy. The lost caused by flood and storm disaster annually in Quang 
Nam province was estimated average up to 6.26% of the GDP [13]. 
2.3. Model setup 
Due to catchment characteristics, the inundation frequently attacks at the downstream part of Vu Gia Thu Bon 
river system. Besides, the population and important economic bases concentrate merely at this area. As a result, it is 
not need to set up flood model for whole catchment.  Accordingly, above models are only compared at hollow areas 
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which are around 1,780 km2 at downstream on 10,350 km2 in total.  They are considered on the historical flood 
events occurring in the period of 10 – 15 November, 2007. 
The hydrological boundary conditions used in these simulations are inherited from MIKE SHE model [14], 
which was calibrated and validated for the whole catchment .  
a. One dimensional modelling (1D) 
This river system is represented at 1D model approach by using MIKE 11 as follows: 
x River network: This model is developed on 23 big rivers and linking branches at the downstream (Figure 2) 
x Cross sections: The geometry of each river branch is specified via cross section from the measurements and 
from the DEM.  
x Boundary conditions: The upstream boundary conditions are inherited from the MIKE SHE model and set up 
at 8 branches. The downstream ones are defined at the estuaries of Vu Gia and Thu Bon.  
x Hydrodynamic parameters: This part mainly focuses on riverbed resistance. These parameters are 
represented via Strickler roughness coefficient M. 
Figure 2. MIKE 11 (1D) model and MIKE 11 Quasi (Quasi 2D) model set up for Vu Gia Thu Bon river downstream. 
b.  Quasi two dimensional (2D) modeling 
In order to improve the simulating capacity of one dimensional model, an external system is constructed beside 
main river system (Figure 2) for increasing the storage when water is over river banks. The new network is 
representative for floodplain along the river systems. The cross sections of new system are extracted from DEM 
10m of P1-08 VIE project. The new is connected with old via links which are defined as the form of the link channel 
which therefore typically represents the embankment geometry between parallel rivers.  
The boundary conditions are set up as the case of MIKE 11 in the section 2.3.a.The bed resistances of the system 
are inherited from last MIKE 11 model for main river system.  
c.  Two dimensional (2D) modelling 
This approach is demonstrated by MIKE 21, 2D hydraulic model from DHI. The model is set up as the schema at 
the Figure 3. 
x Topography: This bathymetry is described via rectangular grid with 30 meter resolution. This data is 
converted for DEM 30m that was resized for DEM 15m supplied by LUCCI project. In order to increase 
river bed description, the DEM is continued adjusting by merging the surveyed cross sections.  
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x Source and sink: 17 sources are defined to transmit the flood runoff from exterior to the modelling domain. 
These sources are extracted at the outlet of 9 sub catchments and 8 river branches in MIKE SHE model.  
x Evapotranspiration: this factor is input with November value in the result of Vu et al., [15].  
x Precipitation: This simulation uses the rainfall data which is redistributed spatially based on daily rainfall 
data from 15 rain gauge stations with the Kriging method [16]. 
x Resistance: This parameter is represented via Strickler roughness coefficient M. 
Figure 3. MIKE 21 (2D) model and MIKE FLOOD (1D/2D coupling) model set up for Vu Gia Thu Bon river downstream
d. 1D/2D coupling modelling 
The model is handled here from DHI group as well. This model is MIKE FLOOD which is developed on the 
coupling between 1D model to 2D model.  The model set up is shown via Figure 3. 
x 2D model – MIKE 21: This model is set up similarly as the last MIKE 21 mode in the section of 2.3.c. 
Therefore, there are several changes in data because in this case the river flow will be responsible for MIKE 
11, using of a river bed integrated topography is not necessary and second change is in the source input. 
Instead, using 17 sources as the last 2D model, this model only introduces 9 sources which are 
representatives of 9 upstream sub catchments. 
x 1D model – MIKE 11: This is benefits from the model in part of 2.3.a. Each river branch in MIKE 11 
connects with MIKE 21 via a 2 lateral links. 
3. Result and discussion  
Max water levels from MIKE 11 model (1D) and Quasi MIKE 11 (Quasi 2D) model are used to construct flood 
hazard maps by interpolated technic in ArcGIS. This process is taken place with the topography 30m. The results are 
shown at the Figure 4. In the case of MIKE 21 (2D) and MIKE FLOOD (1D/2D coupling), the flood hazard maps 
are extracted directly from model with the same cell size of input data. The result of these two models are shown at 
the Figure 5. 
Table 1. Variability of max water level due to model structure (m). 
Station
Water level (m) 
1D Quasi 2D 2D 1D/2D 
Giao Thuy 11.973 10.411 13.464 9.833 
Cau Lau 6.388 5.798 9.386 5.265 
Ai Nghia 12.773 11.279 12.261 10.489 
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Relying on the hydrographs at three stations, we recognize that there is a big difference between these scenarios 
(Table 1). The water level augments of MIKE 21 structure in comparison with the others are quite big. The 
hydrographs of this model are entirely separated toward MIKE 11, Quasi MIKE 11, MIKE FLOOD models at Giao 
Thuy and Cau Lau stations. These differences lead to a disparity in peak water level of this kind of model compared 
to the remaining models. The average number is that the MIKE 21 mode peak is averagely higher than others 0.75 m 
at Ai Nghia, 2.73 m at Giao Thuy and especially 3.57 m at Cau Lau. These analyses demonstrate the uncertainty of 
MIKE 21, representative of two dimensional models in simulating flood event. These limitations might be from the 
topography quality [17]. Following that, in this case due to the computation time this 2D model used a 30 m 
topography that resized from 15 m DEM and adjusted river bed area by adding cross section. Using 30 m DEM 
resolution here might not be enough to represent the topography at modelling area, at least at river bed area more 
detail about DEM quality. The coarse resolution as this situation is potentially to reduce the performance of 2D 
algorithm. In addition, there does not exist a surveyed DEM that includes river bed is considered as a significant 
factor affecting on 2D model capacity. Although integrating the cross section in DEM helps to increase the river bed 
description but it is still not accurate enough. It seems that the low resolution affects not only the intensity of flood 
event but also the time factor. This issue is proved by the late of peak water level of MIKE 21 model in comparison 
with others. Almost peaks of water level of MIKE 21 model are slower than the remaining from 3h to 9h. This 
limitation also has a significant influence on the modelling quality of hydraulic model. 
Figure 4. Flooding area variation due to model structure - 1D model and Quasi 2D model.
The second model we note here is the MIKE 11 model. This one dimensional model is the simplest model for set 
up and modeling. The computation time is quite short. For run this 5 days flood event, MIKE 11 just spent less than 
30 minute in comparison with more than 1 day of two dimensional models. However, beside these advantages, this 
kind of mode shows many weak points. These are mentioned at the last part and now are confirmed by MIKE 11 
results. Similar to the previous 2D model, the water levels of MIKE 11 mode in this case are higher than Quasi 2D 
model and 1D/2D model coupling. Therefore, the intensity is not as big as MIKE 21 model, the higher only 1.85 m 
at Giao Thuy, 0.86 m at Cau Lau, and 1.89 m at Ai Nghia (Table 1). This point could be explained by the absence of 
modelling the lateral runoff factor. The river bank fix will make the water lever being higher than reality in the case 
of overbank of river flow. The next limitation of 1D model is that it does not supply a function to present the 
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hydrological factors interior of study area such as rainfall or evapotranspiration. These are expected to affect
significantly on the results. Particularly with a large study area as this scenario (1,780 km2), the role of interior 
factors is not able to neglect. Combining two above problems, we could figure out that, water lever in 1D model 
(MIKE 11) is higher than Quasi 2D and, 1D/2D coupling modes because it is impossible to describe the flow 
exchanged with flood plain. Therefore, although this model only counts exterior flooding causes via boundary 
conditions, the water lever is still lower than MIKE 21 what put in all inside and outside resources. The results in 
MIKE 11 are lower 1.49 m at Giao Thuy, 3 m at Cau Lau, higher 0.51 at Ai Nghia than MIKE 21 (Table 1). This 
distinction proves the prominence of 1D model in introducing river flow than 2D model. Additionally, the 1D model 
meets the difficulty in constructing flood map. Instead of providing directly the flood map as 2D model, 1D model 
only gives the water level along the river. Then, from level, the flood maps are established by interpolating in GIS 
model. 
Regarding Quasi 2D model (Quasi 2D), the results show that after taking a part of lateral river flow, the peak of 
water level is cutting down a lot in comparison with 1D model (MIKE 11). The reduction is so big, around 1.56 m at 
Giao Thuy, 0.59 at Cau Lau, and 1.49 at Ai Nghia (Table 1). These numbers prove that a significant water quantity 
was partly transformed and stored in flood plain. This scenario seems more reasonable than 1D model which merely 
defines the water run inside river banks. But in the other side, the recession limb of MIKE 11 quasi is higher than 
MIKE 11. It means that after reaching to peak flow, the water in flood plain returns to supplement for main river 
flow. Other characters of Quasi MIKE 11 are similar to MIKE 11 model. 
Figure 5. Flooding area variation due to model structure – 2D model and 1D/2D coupling model. 
Finally, MIKE FLOOD model which is coupling between 1D/2D coupling models. These couplings allow the 
part of overbank water to be able to exchange easily with flood plain. Besides that, the 1D/2D coupling can describe 
more precisely the flow sources than 1D model due to 2D model. In particular, the issue seems more impressive 
with distributed modes as Mike from DHI where the boundary extraction and input are very flexible. The extracted 
point can be defined easily, so it helps to simulate continuously the flow into 1D/2D coupling model. Furthermore, 
not only the outside flow sources, by coupling with 2D model, the 1D/2D coupling has the capacity to express the 
inside flow sources such as rainfall. 
The different hydrographs, peak flows appearance time lead to the uncertainties in determining the flood area. 
This point is shown very clear in the Figure 5 and Table 2. There is an unevenness between flood maps. With the 
highest flood peak, the 2D model gives large flood area (Figure 5). The next serious one is 1D model when the total 
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inundation area is 25,179.39ha and deeply inundated area is 4,049.1ha. These numbers are 19,505.34ha; 2,231.91ha 
and 15,848.64ha; 1,869.79ha with Quasi 2D model and 1D/2D coupling model respectively (Table 2).  
Table 2. Scale variability of inundation area due to model structure (hectare). 
Flood depth (m) <0.5 0.5-1.0 1.0-2.0 2.0-4.0 4.0-8.0 >=8 
1D 3,720 3,909 7,430 10,330 3,741 307 
Quasi 2D 3,339 3,922 6,585 6,765 1,970 261 
2D 2,574 2,828 6,335 14,240 10,334 912 
1D/2D 3,354 3,449 5,564 4,965 1,838 31 
4. Conclusion 
The purpose of this paper is to present a viewpoint for selecting the hydraulic model in flood modeling. The 
study is realized in Vu Gia Thu Bon catchment, a flood prone area in central Viet Nam. By comparing four type 
model: 1D model, Quasi 2D model, 2D model, 1D/2D coupling model, the study shows their advantages and 
disadvantages towards Vu Gia Thu Bon. The result is also expected to become a reference for choosing hydraulic 
model.  
The simulation shows that there is a big difference in result and computation time. Due to algorithm and simple 
input data, the computation time of 1D mode is the shortest. Conversely, the 2D model is longer than others. 
However, the most important is the difference in flood propagation. The 2D model gives the biggest inundation area, 
contrary to 1D/2D coupling model. The significant dissimilarity between 2D simulation result and observed data 
physically is not right. Nevertheless, this could be understood in the case of Vu Gia Thu Bon catchment where the 
lack of data for simulation is so critical, especially the topography data. The coarse DEM leads to the wrong in 
representing the topography and flood propagation. Hence, with a lack of data catchment as Vu Gia Thu Bon, the 
combination of 1D and 2D model for flood simulation is seemly the most reasonable. 
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